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Description 

Field of the Invention 

The present invention relates to a non-destruc- 
tive method for measuring wall thickness and 
thereby detecting corrosion on electrically conduc- 
tive containers such as pipelines, storage vessels, 
pressure vessels and the like. 

Background of the Invention 

Oil and gas pipelines located at Alaska's Prud- 
hoe Bay are wrapped with a jacket of insulating 
material to prevent the rapid cooling, and provide 
better transportability, of oil and gas fluids. The 
outer surface of the insulation is covered by a 
metal jacket for keeping out moisture. The metal 
jacket is typically provided in two half portions with 
each portion having flanges for aiding in the reten- 
tion of the jacket on the pipeline. The two half 
portions of the jacket are joined together at the 
flanges which form seams. Water occasionally en- 
ters through the jacket seams and travels through 
the insulation to the pipe where it causes corrosion. 

Prior art methods of detecting pipeline corro- 
sion have proven inadequate. For example, pigs 
with corrosion detection equipment can only be 
used on pipelines that have access locations; many 
pipelines lack such locations. Ultrasonic detection 
methods require removal of the metal jacket and 
insulation, a timely and expensive procedure. Ra- 
diography detection methods are potentially haz- 
ardous and the equipment is cumbersome, requir- 
ing impractical or inconvenient adjacent vehicular 
support. Furthermore, with radiography methods it 
is often difficult to distinguish between corrosion 
pits filled with corrosion products and uncorroded 
portions of pipe walls. What is needed then is a 
method of detecting corrosion through insulation 
and the surrounding jacket, and which method can 
be practiced with portable equipment. 

Electromagnetic probing techniques provide 
such a method for detecting corrosion through in- 
sulation. In the prior art, frequency domain elec- 
tromagnetic probing techniques are used to detect 
corrosion in aircraft fuel tanks. Frequency domain 
electromagnetic probing techniques utilize a small 
number of frequencies and measure magnitude 
and phase differentials between the transmitted 
signals and the received signals. However, because 
frequency domain techniques, as a practical mat- 
ter, utilize only a small number of frequencies, the 
amount of information obtained is inherently limit- 
ed, thus detracting from the accuracy of the tech- 
niques. 

An article by Bohdan Carniol in Messtechnik, 
Vol. 79, No. 12, December 1971, pages 284-289 



discloses a method of determining the thickness of 
an object using electromagnetic techniques. An LC 
measuring circuit is excited with free oscillations 
which are damped by an object placed close to the 

5 circuit. Only discrete frequencies are employed. 
From the damping of the oscillations, the thickness 
of the object can be computed. 

In Proceedings IECON '84, International Con- 
ference on Industrial Electronics, Control and In- 

w strumentation, Vol 2, Tokyo, October 22-26, 1984, 
pages 759-763, IEEE, New York, USA, an article by 
Nemato et al discloses automatic floor plate mea- 
suring equipment. In this equipment, eddy currents 
are induced into an object to which a static mag- 

75 netic field is applied. This produces an ultrasonic 
signal which is propogated to a separate receiving 
area of the object. The time between transmission 
and receipt of the signal is determined, and from a 
knowledge of the ultrasonic wave velocity, the 

20 thickness of the object is derived. 

An article by W.K. Roots in Automatisme, Vol 
XV, No. 3, March 1970, pages 114-121 discloses 
an apparatus wherein a coil wound on an insulating 
support is energised by an alternating current. 

25 Eddy currents are induced in a metallic specimen 
adjacent the coil and these currents generate a 
magnetic field opposing the field produced by the 
coil. This results in a reduction in the coil induc- 
tance. From this, the thickness of the specimen 

30 can be found. 

It is an object of the present invention to pro- 
vide a method for measuring relative wall thick- 
ness, and thereby detecting corrosion on insulated 
conductive containers, wherein said method has 

35 improved accuracy in detection and can detect 
corrosion through insulation. 

According to the present invention there is 
provided a method of measuring wall thickness of 
container means (for example to detect irregularit- 

40 ies such as corrosion) said wall being electrically 
conductive and having a near surface and a far 
surface, comprising the steps of placing transmit- 
ting antenna means and receiving antenna means 
in proximity with the near surface of that portion of 

45 the container means wall which is to be investi- 
gated for corrosion; inducing a transient eddy cur- 
rent into the container means wall portion with the 
transmitting antenna means; and characterised by 

a. receiving a signal indicative of said induced 
so current in said container means wall portion with 

the receiving antenna means; and 

b. comparing the decay of the received signal 
with a reference decay indicative of a known 
wall thickness, whereby the thickness of the the 

55 container means wall portion can be inferred. 
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Brief Description of the Drawings 

Figure 1 is a schematic diagram showing a 
typical situation in which the method for detecting 
corrosion in a container in accordance with a pre- 
ferred embodiment of the present invention can be 
practiced, together with typical testing apparatus. 

Figure 2 is a schematic diagram showing a 
transverse cross-section of the pipeline of Figure 1. 

Figure 3 is a schematic cross-sectional view 
showing the antenna means of Figure 2 in detail. 

Figure 4 is a graph showing the time domain 
response curves of various conductors, obtained by 
the transient electromagnetic probing (TEMP) 
method of the present invention. 

Figure 5 is a graph of the response curve of a 
pit in a pipe wall, with the response curve obtained 
by computing the ratio of the "corrosion" to the 
"no corrosion" response curves of Figure 4. 

Fig. 6 is a graph showing a longitudinal cross- 
sectional TEMP profile of the pit of Fig. 5, with the 
profile being obtained by averaging the late time 
responses at each antenna means location. 

Fig. 7 is a graph showing the effects of the 
jacket flanges and of variations in antenna means 
height on time domain responses of pipe walls. 

Fig. 8a is a circumferential map of a portion of 
a pipe showing both the location of corrosion and 
ultrasonic wall thickness measurements. 

Fig. 8b is a graph showing transverse TEMP 
profiles of the unjacketed pipe of Fig. 8a, taken 
along line A-A. 

Fig. 8c is a graph showing transverse TEMP 
profiles of the jacketed pipe of Fig. 8a, taken along 
line A-A, with the TEMP profiles corrected for the 
effects of the jacket flanges. 

Fig. 8d is a graph showing the same TEMP 
profiles as in Fig. 8c, but uncorrected for the ef- 
fects of the jacket flanges. 

Description of Preferred Embodiment 

In Figs. 1-3 there is schematically shown a 
typical situation in which the method of detecting 
corrosion in electrically conductive containers 11 
can be practiced, together with typical detecting 
apparatus 25. The method of the present invention 
utilizes transient electromagnetic probing (TEMP) 
to detect corrosion. 

The conductive container shown in Figs. 1-3 is 
a portion of a pipeline 1 1 , which is of course made 
up of a plurality of individual pipes 13. The pipes 
13 have a diameter and the pipe walls 15 have a 
thickness. The pipe walls 15 are made up of an 
electrically conductive material such as steel. 

In Alaska's Prudhoe Bay region, pipelines 
wrapped with insulating material 17 are used to 
transport oil and gas fluids. The insulation 17 is 



provided to prevent rapid cooling of the oil and gas 
fluids in the pipeline and thus provide better tran- 
sportability of these fluids in the pipeline. In refiner- 
ies, pipelines and vessels are commonly wrapped 

5 with insulation as a safety measure in protecting 
personnel from high temperatures. The insulation 
17 on pipelines is typically a thermoplastic foam 
such a polystyrene, and has a radial thickness. 
Surrounding the insulation 17 is a metal jacket 19 

10 which is provided to keep out moisture. The jacket 
19 has a thickness which is much less than the 
thickness of the pipe wall. The metal jacket 19 has 
two half portions that extend longitudinally along 
the pipeline. Each jacket half portion has seam 

75 means in the form of flanges 21 that extend radially 
outward. When the jacket half portions are assem- 
bled onto the pipeline, the respective flanges 21 
abut one another to form seams. The half portions 
are retained in place on a pipeline by securing the 

20 respective flanges together with suitable means. 

In Fig. 3, the pipe wall 15 is shown to have 
corrosion pit 23 adjacent to the insulation. The 
corrosion acts to reduce the thickness of the pipe 
wall, wherein it forms the pit and fills the pit with 

25 corrosion products. The corrosion that has pitted 
the pipe wall is caused by water that has entered 
the insulation between the jacket flanges 21 . 

Detecting apparatus 25 is provided near that 
portion of the pipe wall which is to be tested for 

30 corrosion and includes antenna means 27, a trans- 
mitter 29, a receiver and amplifier 31 , and a digital 
computer 33. 

The antenna means 27 include a transmitting 
antenna coil 35, a receiving antenna coil 37 and 

35 core means 39. In the preferred embodiment, the 
transmitting and receiving antenna coils 35, 37 are 
wound onto the same core means 39, an arrange- 
ment which is hereinafter referred to as coincident 
(see Fig. 3). The core means 39, which is in the 

40 shape of a spool, is made of a non-magnetic and 
non-conductive material such as plastic. The num- 
ber of turns of the transmitting antenna coil are 
kept to a minimum to minimize the inductance of 
the transmitting antenna and to provide for an 

45 abrupt switching off of the transmitting antenna coil. 
In the preferred embodiment, the transmitting an- 
tenna coil 35 is made up of 120 turns of 20 to 24 
gauge wire. The receiving antenna coil 37 is made 
up of 400 turns of 34 to 40 gauge wire. The 

so transmitting and receiving antenna coils 35, 37 are 
connected to the transmitter 29 and receiver 31 by 
respective pairs of wires 41, 43. 

The transmitter 29 which is conventional, gen- 
erates a train of pulses having magnitudes of 1 to 5 

55 amps. As discussed in more detail below, a plural- 
ity of pulses are transmitted for each location of the 
antenna means 27 for data enhancement purposes. 
The pulses have abrupt fall times on the order of 
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10 to 100 microseconds. The pulses of the trans- 
mitter pulse train alternate polarity to eliminate dc 
bias in the instrumentation. The duration of each 
pulse is sufficiently long to stabilize the pulse mag- 
nitude so that there are no induced currents in the 
pipe wall before the end of the pulse. The transmit- 
ter 29 repeats the pulses at a repetition rate that 
allows all of the necessary data to be obtained for 
each pulse. For example, a thick pipe wall requires 
more time to obtain data than does a thinner pipe 
wall because the induced current takes longer to 
diffuse in the thick pipe wall. Thus, the repetition 
rate of pulses will typically be slower for thick pipe 
walls than for thinner pipe walls. 

The receiver and amplifier 31 is a broad band 
instrument with a wide (5 or 6 orders of magnitude) 
dynamic range. The receiver 31, which has an A/D 
converter, samples the signal at a constant rate 
and integrates the signal over a time window or 
channel. The duration of the time windows in- 
creases with time. The transmitter 29 and the re- 
ceiver and amplifier 31 are conventional. In practice 
it has been found that the SIROTEM transmitter, 
receiver and amplifier unit manufactured by Geoex 
Pty, Ltd. of Adelaide, Australia, works well. The 
battery operated SIROTEM unit is portable, a char- 
acteristic which allows ease of use when surveying 
pipelines in the field. 

The digital computer 33 is a conventional por- 
table computer with sufficient memory capacity to 
record the data. 

The method of detecting corrosion on a con- 
ductive container of the present invention will now 
be described. As mentioned earlier, the method of 
the present invention utilizes transient electromag- 
netic probing (TEMP). TEMP allows the remote 
probing of a conductor by inducing a current into 
the conductor and then analyzing the decay of the 
current. 

First, the antenna means 27 is placed on the 
jacket 19 so as to be in proximity with the near 
surface 45 of the portion of the pipeline 1 1 that is 
to be investigated. Suitable means (not shown) are 
used to secure the antenna means 27 in position 
so as to minimize any motion of the antenna 
means over the investigated pipe wall portion. The 
transmitting antenna coil 35 is then energized by 
the transmitter 29 with a pulse. As described 
above, the transmitting antenna coil 35 is energized 
for a sufficient period of time to stabilize the pulse 
magnitude, thereby insuring no eddy currents are 
induced into the pipeline 11. Then, the transmitting 
coil 35 is abruptly de-energized by the transmitter 
by having the pulse fall off rapidly to zero mag- 
nitude. This abrupt de-energization of the transmit- 
ting antenna coil 35 induces eddy currents into the 
conductors located near the coil; namely the jacket 
19 and the pipe wall 15. The eddy currents, which 



decay and diffuse away from the antenna means 
27 inside of the respective conductors, create a 
magnetic field that is detected as a time-varying 
voltage in the receiving antenna coil 37. As soon as 

5 the transmitting antenna coil is de-energized, the 
receiver 31 is then switched on. The receiving 
antenna coil 37 detects the presence of and the 
decay of the induced eddy currents in the conduc- 
tors. The eddy currents are gradually dissipated 

io within the conductors by resistive heat losses. The 
rate of diffusion is dependent on the conductivity 
and thickness of the conductor. The receiver 31 
samples the signal as detected by the receiving 
antenna coil 37, whereupon it is amplified to a 

75 suitable level and sent to the digital computer 33 
for storage and processing. The receiver 31 mea- 
sures the signal from the time the eddy currents 
are first induced into the conductors until the signal 
becomes indistinguishable from noise. The level of 

20 noise is reduced by minimizing any motion of the 
receiving antenna coil 37 relative to the conductors. 
The received signal is unprocessed data and forms 
a record in the computer 33 of the decay of the 
induced currents in the conductors. The transmit- 

25 ting and receiving procedure is repeated many 
times with the antenna means 27 in the same 
location to increase the signal-to-noise ratio. 

The data is then processed by computer data 
processing means into a suitable format for inter- 

30 pretation. The first steps in the processing of the 
data involve the normalization of the received sig- 
nals and the summing and averaging of the re- 
ceived signals. Because the transmitter 29 in the 
preferred embodiment is battery operated, the 

35 magnitude of the transmitter current is subject to 
variation. The effects of variation in magnitude in 
the data are removed by normalizing the received 
voltage to the transmitted current. The summing 
and averaging of the received signals for a particu- 

40 lar antenna means location serves to increase the 
signal-to-noise ratio. In particularly noisy environ- 
ments, as an alternative to summing and averaging, 
selective stacking can be used to eliminate noisy 
transients. The result of this initial data processing 

45 is a time-varying response curve such as shown in 
Fig. 4. (Fig. 4 illustrates response curves for var- 
ious conductors.) 

The response curves may be interpreted in 
accordance with methods which will now be de- 

50 scribed, with reference to Figs. 4-8d. Referring in 
particular to Fig. 4, the presence or absence of 
corrosion on a conductor wall is inferred by exam- 
ining the shape of the various response curves 
which have been taken over the area of interest. 

55 The shape of each response curve depends in part 
on the thickness of the conductor wall. For exam- 
ple, the magnitude of the response curve of an 
infinitely thick conductor wall decays at a fairly 
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even rate (on a log-log graph), resulting in a fairly 
straight response curve, whereas the response 
curve of a conductor having a finite wall thickness 
begins to break at some point into a more pro- 
nounced downward direction than before and de- 
cays at a faster rate. This breaking phenomenon is 
attributed to the induced currents diffusing to and 
reaching the far surface 47 of the conductor wall. 
Response curves for thin conductor walls break at 
earlier times than do response curves for thicker 
conductor walls. 

Because corrosion reduces the thickness of a 
conductor wall, the presence or absence of corro- 
sion can be inferred by comparing the shape of the 
response curve for the investigated pipe wall por- 
tion to the shape of the response curve for an 
uncorroded portion of the same type of pipe. For 
example, in Fig. 4, the two response curves labeled 
"corrosion" and "no corrosion" are taken from the 
same pipe. The "no corrosion" response curve is 
taken from an uncorroded portion of the pipe and is 
used as a reference, while the "corrosion" re- 
sponse curve is taken from a different portion of 
the same pipe, which different portion has a pit to 
simulate corrosion (with the antenna means located 
at the same distance from the pipe wall, for both 
response curves). At about 17 ms (milliseconds), 
the "corrosion" response curve breaks into a more 
pronounced downward direction and begins to de- 
cay at a faster rate than before. The "corrosion" 
break point occurs at an earlier time than does the 
"no corrosion" break point (at about 25 ms), in- 
dicating that the conductor wall represented by the 
"corrosion" response curve is thinner than the con- 
ductor wall represented by the "no corrosion" re- 
sponse curve. 

Referring now to Fig. 5, the "corrosion" and 
"no corrosion" response curves of Fig. 4 are com- 
pared by plotting the ratio of the two curves as a 
percent response curve, using the "no corrosion" 
response curve as a reference. The percent re- 
sponse curve highlights the differences between 
the "corrosion" and the "no corrosion" response 
curves. By examining the late time portions of the 
percent response curve (from about 17-20 ms on, 
which is about when the "corrosion" response 
curve of Fig. 4 begins to break sharply downward), 
one can see that the "corrosion" response curve 
deviates 20 to 30 percent from the "no corrosion" 
response curve. This 20 to 30 percent difference 
clearly indicates a difference in wall thickness be- 
tween the corroded portion of the pipe and the 
uncorroded portion of the pipe. 

In Fig. 4, the response curve labeled "jacket 
only" is that taken from the metal jacket 19, without 
the pipe 13. The "jacket only" response curve 
decays very rapidly so that by the relatively late 
time of 20 ms, the jacket 19 contributes very little 



to the total response. This is because the wall 
thickness of the jacket is much smaller than is the 
thickness of the pipe wall, so the currents diffuse 
much more rapidly in the jacket. Thus, for those 

5 portions of the "jacket and pipe" response curves 
that are of interest in locating corrosion (that is the 
later times), the effect of the jacket can be ignored. 

Responses measured near jacket flanges are 
affected quite strongly by the jacket flanges at all 

10 times, as shown in Fig. 7. A response measured 
near jacket flanges can be corrected to remove the 
effects of the jacket flanges by normalizing the 
affected response curve to a reference response 
curve obtained away from the jacket flanges. As 

75 shown in Fig. 7, an effect of the jacket flanges on 
the response curve is generally parallel shift in a 
downward direction in the intermediate and late 
time ranges (later than about 4 ms). That is to say 
that in the intermediate and late time ranges, the 

20 affected response curve is generally parallel to the 
reference response curves. The affected response 
curve is corrected by normalizing the affected re- 
sponse curve to the reference response curve in 
the intermediate time range. 

25 Fig. 7 also serves to illustrate the effect that 

variations in distance between the antenna means 
and the pipe wall at one location on the pipe and 
between the antenna means and the pipe wall at 
another location on the pipe can have on re- 

30 sponses. Such variations in distance result from 
non-uniform thicknesses of the insulation between 
the pipe wall and the jacket. Increasing the dis- 
tance of the antenna means from the pipe wall 
causes the magnitude of the response to decrease 

35 at intermediate and late times, which decrease in 
magnitude shows up as a generally parallel shift. 
The responses can be corrected to remove the 
effects of variations in distance by normalizing the 
response curves to a reference response curve 

40 obtained with the antenna means at some known 
distance, in the intermediate time range. 

The antenna means 27 gives a reading of the 
average conductor wall thickness over a search 
area. The size of the search area depends upon 

45 antenna size, antenna configuration and the dura- 
tion of the receiver measuring time after each 
transmitter pulse. The search area of the antenna 
means increases with larger antenna sizes or with 
longer measuring times. In the preferred embodi- 

50 ment. the antenna means 27 has a diameter of 
about 3 inches (1 inch = 25,40 mm). For a 10.5 
inch pipe, the search area is about 12 inches in 
diameter. 

In the usual case, the portion of the pipeline 
55 that is to be investigated for corrosion is much 
larger than the search area of the antenna means. 
Therefore, a typical pipe survey requires the an- 
tenna means to be moved to new locations to 
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complete the survey. In Figs. 8a through 8d there 
are shown a corrosion map of a pipe section and 
corresponding TEMP surveys or profiles along line 
A-A of the pipe section. In obtaining the TEMP 
profiles of Figs. 8b through 8d, the antenna means 
was positioned at various locations along line A-A. 
In Fig. 8a, the numbers along line 8a indicate 
ultrasonic point measurements of the wall thickness 
(in inches) and the shaded areas indicate heavy 
corrosion, wherein the thickness of the pipe wall is 
less than for the unshaded areas. The map shows 
that the pipe wall along line A-A is thickest around 
180° and gets thinner moving towards 0° and 
360°. 

Fig. 8b shows TEMP profiles of the pipe of Fig. 
8a along line A-A, without a metal jacket. In Fig. 8b 
only those values of the response curve at selected 
discrete instances of time for each antenna means 
location are plotted. The response curve values at 
equivalent instances of time are then connected 
together to form a TEMP profile. Thus, for each 
antenna means location, the response curve values 
at time = 8.5 ms, 32.8 ms, 67 ms, 79 ms, 92 ms, 
and 105 ms are plotted, forming respective TEMP 
profiles of pipe wall thickness. Each TEMP profile 
is normalized to the TEMP response obtained over 
the thickest portion of the pipe. As can be seen in 
Fig. 8b, the TEMP profiles show that in moving 
away from 180° in either direction (towards 0° and 
towards 360°) the pipe wall thickness lessens and 
is thinnest around 0 to 60° and 320 to 360° . The 
late time TEMP profiles (67 ms and greater) in 
particular clearly show the reduced wall thickness, 
corresponding with the pipe corrosion map of Fig. 
8a. 

In Fig. 8c, there are shown TEMP profiles of 
the pipe of Fig. 8a along line A-A, but with a metal 
jacket. The TEMP profiles of Fig. 8c were obtained 
in the same manner as the TEMP profiles of Fig. 
8b. The jacket flanges, which are located at ap- 
proximately 95 • and 270 ° , have caused reductions 
in the amplitudes of the TEMP profile portions near 
the flanges. The TEMP profiles of Fig. 8c have 
been corrected to reduce the effects of the jacket 
flanges by normalizing the responses measured 
near the jacket flanges to a response measured 
away from the jacket flanges. The responses are 
normalized in the intermediate time range (3-6 ms) 
and the late times (32 ms and greater) are then 
analyzed. (In Fig. 8d there are shown the TEMP 
profiles of Fig. 8c before the profiles have been 
corrected for the effects of the jacket flanges.) 
There is a good correlation between the TEMP 
profiles of Fig. 8c and the corrosion map of Fig. 8a. 
The TEMP profiles of Fig. 8c show that the pipe 
wall is reduced in thickness around 0 to 60° and 
320 to 360° , thus leading to an inference of corro- 
sion at those locations. 



Figs. 8a through 8d illustrate an advantageous 
difference of the TEMP method over the ultrasonic 
method. The ultrasonic method makes point mea- 
surements, requiring a large number of measure- 

5 ments, whereas the antenna means of the TEMP 
method has a large search area requiring fewer 
measurements. While the ultrasonic measurements 
in Fig. 8a are essentially confined to line A-A, the 
TEMP measurements encompass portions of the 

10 pipe extending for a few inches to either side of 
line A-A. Furthermore, ultrasonic measurements 
must be made on the bare pipe, while TEMP 
measurements can be made on the jacket. 

For TEMP profiles such as are shown in Figs. 

15 8b-8d, the effects on the responses due to the 
variations in distance between the antenna means 
and the pipe wall, which variations are caused by 
moving the antenna means from one location on 
the pipe to another location, can be corrected for 

20 by creating reference response curves with the 
antenna means placed at a number of known dis- 
tances from the pipe wall. The intermediate times 
of the response curves having distance error are 
then normalized to the intermediate times of the 

25 respective reference response curves. 

In Fig. 6, there is shown a TEMP profile of the 
corrosion pit of Fig. 5. The TEMP profile is ob- 
tained by moving the antenna means to a plurality 
of locations and averaging the responses for the 25 

30 to 52 ms time window at each antenna means 
location. The physical extent of the corrosion pit is 
indicated at the bottom left corner of the graph, 
which shows the pit to have a radius of about 8 
inches. The TEMP profile of Fig. 6 shows a good 

35 correlation to the physical profile. From about 17 
inches on, the TEMP profile shows a slight de- 
crease in magnitude due to the induced currents 
interacting with the nearby pipe end. 

Another method of interpretation of the re- 

40 sponse curves of Fig. 4 involves examining the 
time at which the far surface 47 of the pipe wall is 
initially manifested in the response curve. This time 
is referred to as the "critical time", and is that point 
where the response curve begins to break into a 

45 more pronounced downward direction than before, 
as discussed hereinbefore (see Fig. 4). The wall 
thickness of the pipe is proportional to the square 
root of the critical time. The constant or factor of 
proportionality is dependent on the geometry and 

so the conductivity of the pipe, and may be deter- 
mined by making a determination of the critical 
time of a particular thickness of the pipe. 

The method of the present invention can be 
used to make quantitative measurements of wall 

55 thickness, once the instruments and data have 
been calibrated on pipes of known thickness and 
conductivity. Once the actual wall thickness of the 
investigated pipe is known, comparison to the man- 
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ufactured wall thickness leads to a determination of 
wall loss due to corrosion on the investigated pipe. 

An important aspect of the present invention is 
the increased accuracy of detection of corrosion on 
conductive walls over prior art methods. The 5 
present invention operates in the time domain rath- 
er than in the frequency domain. In the time do- 
main, all the information needed to probe a con- 
ductor wall for accurate detection is obtained with 
one transmitter pulse. Each pulse contains an in- w 
finite number of frequencies. With frequency do- 
main methods however, only a few frequencies are 
used to probe a conductor wall, resulting in a 
limited amount of information from which wall thick- 
ness is to be determined. 15 

Another important aspect of the present inven- 
tion is the ability to detect corrosion through insula- 
tion. Unlike ultrasonic methods, the present inven- 
tion does not require the expensive and time con- 
suming task of removing non-conductive and even 20 
conductive layers that are positioned between the 
wall of interest and the probe (the antenna means). 
Furthermore, the present invention has a greatly 
expanded search area associated with the antenna 
means, whereas the ultrasonic method produces 25 
essentially point measurements. This difference in 
probe search areas is of particular importance in 
detecting corrosion in pipeline walls. Corrosion in 
pipeline walls becomes hazardous when there is 
wall loss over a relatively large area. Small spots of 30 
corrosion, while generally a nuisance for potential 
leakages, do not present the explosive hazard that 
a large corroded area presents. The TEMP method 
is more efficient in detecting hazardous pipeline 
wall loss by giving an average measurement over 35 
the antenna means search area. 

Although the method of the present invention 
has been described for use in detecting corrosion 
on pipelines, the method may also be used to 
detect corrosion on the electrically conductive walls 40 
of other types of container means such as storage 
vessels and pressure vessels. In addition, the 
method of the present invention can be used on 
uninsulated as well as insulated container means. 

The antenna means can have the transmitting 45 
antenna and receiving antenna configured in ar- 
rangements other than the coincident arrangement 
described herein. One such arrangement has the 
transmitting antenna separate but coplanar with the 
receiving antenna. Another arrangement has a plu- 50 
rality of receiving antennas located within a large 
transmitting antenna loop. 

Although this invention has been described 
with a certain degree of particularity, it is under- 
stood that the present disclosure is made only by 55 
way of example and that numerous changes in the 
details of methods may be resorted to without 
departing from the scope of the invention, as de- 



fined in the appended claims. 
Claims 

1. A method of measuring wall thickness of con- 
tainer means (for example to detect irregularit- 
ies such as corrosion) said wall (15) being 
electrically conductive and having a near sur- 
face (45) and a far surface (47), comprising the 
steps of placing transmitting antenna means 
and receiving antenna means (27) in proximity 
with the near surface of that portion of the 
container means wall (15) which is to be inves- 
tigated for corrosion; inducing a transient eddy 
current into the container means wall portion 
by means of the transmitting antenna means; 
and characterised by 

a. receiving a signal indicative of said in- 
duced current in said container means wall 
portion with the receiving antenna means; 
and 

b. comparing the decay of the received 
signal over a period of time with a reference 
decay indicative of a known wall thickness, 
whereby the thickness of the the container 
means wall portion can be inferred. 

2. The method of Claim 1 wherein a record is 
created of the decay of a said received signal, 
said record being compared with a reference 
decay record obtained from a container means 
of known wall thickness. 

3. The method of Claim 1 or Claim 2, wherein 
said transmitting antenna means and said re- 
ceiving antenna means (27) are placed adja- 
cent a layer of insulation (17) that is adjacent 
said container means wall (15) such that the 
insulation is interposed between said container 
means wall and said transmitting antenna 
means and said receiving antenna means, 
wherein said method can be performed with 
said insulation remaining intact on said con- 
tainer means. 

4. The method of any preceding claim, wherein 
said transmitting antenna means and said re- 
ceiving antenna means (27) are placed adja- 
cent a conductive jacket (19) that is adjacent 
said container means wall such that said jacket 
is interposed between said container means 
wall and said transmitting antenna means and 
said receiving antenna means, said jacket hav- 
ing a wall thickness substantially less that the 
wall thickness of said container means, said 
method being performed with said jacket re- 
maining intact on said container means. 
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5. The method of Claim 2 and any other preced- 
ing claim, wherein said record from said inves- 
tigated container means wall portion and said 
reference records have respective portions 
where the rate of decay changes from a rela- 5 
tively constant rate of decay in the log/log 
domain to an accelerating rate of decay, fur- 
ther comprising the step of interpreting said 
record for an indication of the thickness of said 
investigated container means wall portion by 10 
comparing the accelerating rate of decay por- 
tion of said record with the accelerating rate of 
decay portions of said reference records, 
wherein if the accelerating rate of decay por- 
tion of said record decays faster than the ac- 75 
celerating rate of decay portions of said refer- 
ence records then the wall thickness of said 
investigated container means wall portion is 

less than the wall thickness of said reference 
records. 20 

6. The method of Claim 5, wherein said jacket 
(19) is provided in portions, with said jacket 
portions having joint means (21) for joining 

said jacket portions together, with said joint 25 
means having an effect on the decay of said 
received signal, further comprising the step of 
correcting the record of the decay of said 
received signal for the effects of said joint 
means by normalizing said record to said ref- 30 
erence record over those portions of the 
records where said records are generally par- 
allel, said reference record being created as a 
record of the decay of a received signal indica- 
tive of a similarly induced current in a portion 35 
of a substantially similar container means wall 
that is located some distance away from joint 
means such that said reference record is un- 
affected by joint means. 

40 

7. The method of Claim 4, wherein said insulation 
(17) has a non-uniform thickness causing vari- 
ations in the distance between the transmitting 
antenna means and the receiving antenna 
means (27) and the container means wall (15) 45 
at said investigated portion and between the 
transmitting antenna means and the receiving 
antenna means and the container means wall 

at a second investigated portion with said vari- 
ations in distance having an effect on the de- 50 
cay of said received signal, further comprising 
the step of correcting the record of the decay 
of said received signal for the effects of said 
variations in distance by normalizing said 
record to said reference record over those 55 
portions of the records where said records are 
generally parallel, said reference record being 
created with said transmitting antenna means 



and said receiving antenna means located at 
known distances from said conductor means 
wall portion. 

8. The method of Claim 2 and any other preced- 
ing claim, further comprising the step of deter- 
mining the time in said record that said in- 
duced current reaches the far surface (47) of 
the investigated container means wall portion, 
whereby the thickness of said investigated 
container means wall portion (15) is indicated. 

9. The method of Claim 2 and any other preced- 
ing claim, further comprising the steps of: 

a. keeping the transmitting and receiving 
antenna means (27) in the same location 
and creating a plurality of records of the 
decay of received signals indicative of simi- 
larly induced currents for that transmitting 
and receiving antenna means location. 

b. processing said plurality of records to 
increase the signal to noise ratio for the 
transmitting and receiving antenna means 
location. 

10. The method of Claim 1, wherein the received 
signal decays into noise over a period of time, 
and wherein the decay of the received signal 
during intermediate and late time ranges within 
said period is compared with a reference de- 
cay of a second received signal obtained from 
another container means wall portion of known 
thickness, wherein said first received signal 
decay from said investigated container means 
wall portion (15) gives an indication of the 
thickness of the investigated container means 
wall portion. 

11. The method of Claim 1 wherein the received 
signal decays into noise over of a period of 
time, and wherein the decay of the received 
signal during intermediate and late time ranges 
within that period is compared with the cor- 
responding decays of received signals indica- 
tive of induced currents induced in the same 
manner in other portions of the container 
means walls, and comparing the decay of said 
first received signal to the decays of said other 
received signals wherein the decay of the first 
received signal gives an indication of the thick- 
ness of the investigated container means wall 
portion relative to the other portions of the 
container means wall. 

12. The method of Claim 10 or 11 wherein each of 
said received signals has a portion where the 
rate of decay changes from a relatively con- 
stant rate of decay in the log/log domain to an 
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accelerating rate of decay, further comprising 
the step of comparing the accelerating rate of 
decay portion of the first received signal to the 
accelerating rate of decay portions of the other 
received signals, wherein if the accelerated 
rate of decay portions of said first received 
signal decay faster than the accelerating rate 
of decay portions of said other received sig- 
nals then the wall thickness of said investi- 
gated container means wall portion is less than 
the wall thickness of said other container 
means wall portion. 

13. The method of any one of Claims 10 to 12 
wherein said transmitting antenna means and 
said receiving antenna means (27) comprise a 
coincident antenna arrangement (35, 37). 

14. The method of Claim 1 wherein the received 
signal decays into noise over a period of time, 
and wherein the decay of the first received 
signal during intermediate and late time ranges 
within said period is compared with the decay 
of a reference signal obtained from a reference 
container means with a known wall thickness. 

15. The method of Claim 14 wherein each of said 
first and reference received signals has a por- 
tion where the rate of decay changes from a 
relatively constant rate of decay in the log/log 
domain to an accelerating rate of decay, fur- 
ther comprising the step of comparing the ac- 
celerating rate of decay portion of the first 
received signal to the accelerating rate of de- 
cay portion of the reference received signal, 
wherein if the accelerated rate of decay portion 
of said first received signal decays faster than 
the accelerated rate of decay portion of said 
reference received signal then the wall thick- 
ness of said investigated container wall means 
wall portion is less than the wall thickness of 
said reference container means wall portion. 

16. The method of Claim 1, wherein the received 
signal decays into noise over a period of time 
during which there are intermediate and late 
time ranges, and a critical time at which the 
rate of decay of said received signal changes 
from a relatively constant rate of decay in the 
log/log domain to an accelerating rate of decay 
the method comprising examining the received 
signal to determine the critical time, determin- 
ing a factor of proportionality between the wall 
thickness of said investigated container means 
wall portion and the critical time by examining 
the critical times of reference decays, said 
reference decays being obtained from a refer- 
ence container means having known wall thic- 



knesses; and determining the thickness of said 
investigated container means wall portion by 
applying said factor of proportionality to the 
square root of the critical time. 

5 

17. The method of any one of Claims 10 to 16 
wherein the said container means wall (15) is 
provided with a layer of insulation (17), said 
insulation being located adjacent to said con- 

70 tainer means wall (15) so as to be interposed 

between said container means wall portion and 
said transmitting antenna means and said re- 
ceiving antenna means (27), wherein said 
transmitting antenna means induces current 

75 into the investigated container means wall por- 

tion through said insulation and said receiving 
antenna means detects said induced current 
through said insulation. 

20 18. The method of Claim 17 wherein said insula- 
tion has a non-uniform thickness causing vari- 
ations in the distance between the transmitting 
antenna means and the receiving antenna 
means and the container means wall at said 

25 investigated portion and between the transmit- 

ting antenna means and the receiving antenna 
means and the container means wall at a sec- 
ond investigated portion with said variations in 
distance having an effect on the decay of said 

30 induced current in said container means wall 

portion, further comprising the step of correct- 
ing the first received signal for the effects of 
said variations in distance by normalizing the 
first received signal to said reference decay 

35 over the intermediate time ranges of said de- 

cay periods, said reference decay being cre- 
ated with the transmitting antenna means and 
the receiving antenna means located at known 
distances from the container means wall por- 

40 tion. 

19. The method of one of Claims 10 to 18, wherein 
said container means wall is provided with a 
layer of insulation (17) and a conductive jacket 

45 (19), said insulation and said jacket being lo- 

cated adjacent to said container means wall 
(15) such that said insulation is interposed 
between said container means wall and said 
jacket, said jacket being interposed between 

50 said insulation and said transmitting antenna 

means receiving antenna means (27), wherein 
said transmitting antenna means induces cur- 
rent into the container means wall portion 
through said insulation and said jacket and 

55 said receiving antenna means detects said in- 

duced current through said insulation and said 
jacket. 
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20. The method of Claim 19 wherein said jacket is 
provided in portions, with said jacket portions 
having seam means (21) for joining said jacket 
portions together, with said seam means hav- 
ing an effect on the decay of said induced 5 
current in said container means wall portion, 
further comprising the step of 

correcting the first received signal for the 4. 
effects of said seams means by normalizing 
the first received signal to said reference de- w 
cay over the intermediate time ranges of said 
decay periods, said reference decay being 
created with the transmitting antenna means 
and the receiving antenna means (27) located 
some distance away from a seam means on a 15 
container means such that the reference decay 
is unaffected by said seam means. 

Patentanspriiche 

20 

1. Eine Methode zum Messen der Wanddicke 
von Behaltermitteln (zum Beispiel zur Feststel- 
lung von Unregelmafligkeiten wie Korrosion), 
wobei die besagte Wand (15) elektrisch leitend 

ist und eine zugewandte Oberflache (45) und 25 5. 

eine abgewandte Oberflache (47) hat; diese 

Methode besteht aus den Schritten, ein Sende- 

antennenmittel und ein Empfangsantennenmit- 

tel (27) nahe der zugewandten Oberflache des 

auf Korrosion zu untersuchenden Teils der Be- 30 

haltermittelwand (15) aufzustellen und mit dem 

Sendeantennenmittel einen transienten Wirbel- 

strom in den Behaltermittelwandteil zu induzie- 

ren, und ist gekennzeichnet durch: 

a. Empfang eines Signals mit dem Emp- 35 
fangsantennenmittel, das den in den besag- 

ten Behaltermittelwandteil induzierten Strom 
anzeigt; und 

b. Vergleich des Abklingens des empfange- 

nen Signals uber einen Zeitraum mit einer 40 
eine bekannte Wanddicke anzeigenden Be- 
zugsabklingung, woraus die Dicke des Be- 
haltermittel wandtei Is gefolgert werden kann. 

2. Die Methode von Anspruch 1 , bei welcher das 45 
Abklingen des besagten empfangenen Signals 
registriert und die besagte Registrierung mit 
einer Bezugsabklingregistrierung verglichen 
wird, die von einem Behaltermittel mit bekann- 

ter Wanddicke erhalten wurde. 50 

3. Die Methode von Anspruch 1 oder Anspruch 2, 6. 
bei welcher das besagte Sendeantennenmittel 

und das besagte Empfangsantennenmittel (27) 
neben einer Dammschicht (1 7) aufgestellt wer- 55 
den, die sich neben der besagten Behaltermit- 
telwand (15) befindet, und zwar derart, da/3 die 
Dammschicht zwischen der besagten Behalter- 



mittelwand und dem besagten Sendeantennen- 
mittel und dem besagtem Empfangsantennen- 
mittel liegt, bei welcher die besagte Methode 
durchgefuhrt werden kann, wahrend die besag- 
te Dammschicht intakt auf dem besagten Be- 
haltermittel bleibt. 

Die Methode eines der vorhergehenden An- 
spruche, bei welcher das besagte Sendeanten- 
nenmittel und das besagte Empfangsantennen- 
mittel (27) neben einem leitfahigen Mantel 
(19) aufgestellt werden, der sich neben der 
besagten Behaltermittelwand befindet, und 
zwar derart, da/3 der besagte Mantel zwischen 
der besagten Behaltermittelwand und dem be- 
sagten Sendeantennenmittel und dem besag- 
ten Empfangsantennenmittel liegt, wobei der 
besagte Mantel eine Wanddicke hat, die we- 
sentlich geringer als die Wanddicke des be- 
sagten Behaltermittels ist; die besagte Metho- 
de wird durchgefuhrt, wahrend der besagte 
Mantel intakt auf dem besagten Behaltermittel 
bleibt. 

Die Methode von Anspruch 2 und eines der 
vorhergehenden Anspruche, bei welcher die 
besagte Registrierung uber den besagten un- 
tersuchten Behaltermittelwandteil und die be- 
sagten Bezugsregistrierungen jeweils Teile ha- 
ben, bei denen die Abklinggeschwindigkeit 
sich von einer relativ konstanten Abklingge- 
schwindigkeit im log/log Bereich auf eine sich 
beschleunigende Abklinggeschwindigkeit an- 
dert; diese Methode umfaflt als weiteren Schritt 
die Auslegung der besagten Registrierung, urn 
durch einen Vergleich des Teils der besagten 
Registrierung mit sich beschleunigender Ab- 
klinggeschwindigkeit mit den Teilen der Be- 
zugsregistrierungen mit sich beschleunigender 
Abklinggeschwindigkeit einen Hinweis auf die 
Dicke des besagten untersuchten Behaltermit- 
telwandteils zu erhalten; bei dieser Methode 
ist, wenn der Teil der besagten Registrierung 
mit sich beschleunigender Abklinggeschwind- 
keit schneller als die Teile der besagten Be- 
zugsregistrierungen mit sich beschleunigender 
Abklinggeschwindigkeit abklingen, die Wand- 
dicke des besagten Behaltermittelwandteils ge- 
ringer als die Wanddicke der besagten Be- 
zugsregistrierungen. 

Die Methode von Anspruch 5, bei welcher der 
besagte Mantel (19) in Teilen bereitgestellt 
wird, welche besagten Mantelteile Nahtmittel 
(21) zur Verbindung der Mantelteile miteinan- 
der haben, und welche besagten Nahtmittel 
eine Auswirkung auf das Abklingen des besag- 
ten empfangenen Signals haben; diese Metho- 
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de umfaBt als weiteren Schritt die Berichtigung 
der Registrierung des Abklingens des besag- 
ten empfangenen Signals im Hinblick auf die 
Auswirkungen der besagten Nahtmittel, indem 
die besagten Registrierungen zu der besagten 5 
Bezugsregistrierung bei den Teilen der Regi- 
strierungen, bei denen die besagten Registrie- 
rungen im allgemeinen parallel sind, normali- 
siert werden, wobei die besagte Bezugsregi- 
strierung als eine Registrierung des Abklingens w 
eines empfangenen Signals erzeugt wird, das 
einen Strom anzeigt, der auf ahnliche Weise in 
einen Teil einer im wesentlichen ahnlichen Be- 
haltermittelwand induziert wird, die sich in eini- 
gem Abstand auf eine Weise von dem Naht- 75 
mittel befindet, dafl die besagte Bezugsregi- 
strierung von dem Nahtmittel unbeeintrachtigt 
bleibt. 

7. Die Methode von Anspruch 4, bei welcher die 20 
besagte Dammschicht (17) eine uneinheitliche 
Dicke hat und dadurch unterschiedliche Ab- 
stande zwischen dem Sendeantennenmittel 
und dem Empfangsantennenmittel (27) und der 
Behaltermittelwand (15) an dem besagten un- 25 
tersuchten Teil sowie zwischen dem Sendean- 
tennenmittel und dem Empfangsantennenmittel 
und der Behaltermittelwand bei einem zweiten 
untersuchten Teil verursacht, wobei die besag- 
ten unterschiedlichen Abstande eine Auswir- 30 
kung auf das Abklingen des besagten empfan- 
genen Signals haben; diese Methode umfaflt 
als weiteren Schritt die Berichtigung der Regi- 
strierung des Abklingens des besagten emp- 
fangenen Signals im Hinblick auf die besagten 35 
unterschiedlichen Abstande, indem die besag- 
te Registrierung zu der besagten Bezugsregi- 
strierung bei den Teilen der Registrierungen, 
bei denen die Registrierungen im allgemeinen 
parallel sind, normalisiert wird, wobei die be- 40 
sagte Bezugsregistrierung erzeugt wird, wah- 
rend sich das besagte Sendeantennenmittel 
und das besagte Empfangsantennenmittel in 
bekanntem Abstand von dem besagten Behal- 
termittelwandteil befinden. 45 



weiteren Schritte umfaflt: 

a. Das Sende- und Empfangsantennenmittel 
(27) am gleichen Standort behalten und 
eine Pluralitat von Registrierungen des Ab- 
klingens von empfangenen Signalen erzeu- 
gen, die auf ahnliche Weise induzierten 
Strom fur diesen Standort des Sende- und 
Empfangsantennenmittels anzeigen. 

b. Bearbeitung der besagten Pluralitat von 
Registrierungen zur Erhohung des Signal- 
Gerausch-Verhaltnisses fur den Standort 
des Sende- und Empfangsantennenmittels. 

10. Die Methode von Anspruch 1, bei welcher das 
empfangene Signal uber einen Zeitraum in Ge- 
rausch abklingt, und bei welcher das Abklingen 
des empfangenen Signals wahrend des mittle- 
ren und spaten Zeitbereichs innerhalb des be- 
sagten Zeitraums mit einem Bezugsabklingen 
eines zweiten empfangenen Signals verglichen 
wird, das von einem anderen Behaltermittel- 
wandteil von bekannter Dicke erhalten wurde; 
bei dieser Methode zeigt das Abklingen des 
von dem besagten untersuchten Behaltermit- 
telwandteil (15) empfangenen ersten Signals 
die Dicke des untersuchten Behaltermittel- 
wandteils an. 

11. Die Methode von Anspruch 1, bei welcher das 
empfangene Signal uber einen Zeitraum in Ge- 
rausch abklingt, und bei welcher das Abklingen 
des empfangenen Signals wahrend des mittle- 
ren und spaten Zeibereichs innerhalb des be- 
sagten Zeitraums mit dem entsprechenden Ab- 
klingen von empfangenen Signalen verglichen 
wird, die den auf gleiche Weise in andere Teile 
der Behaltermittelwand induzierten Strom an- 
zeigen, und Vergleich des Abklingens des be- 
sagten ersten empfangenen Signals mit dem 
Abklingen der besagten anderen empfangenen 
Signale; bei dieser Methode zeigt das Abklin- 
gen des ersten empfangenen Signals die Dik- 
ke des untersuchten Behaltermittelwandteils im 
Verhaltnis zu den anderen Teilen der Behalter- 
mittelwand an. 



8. Die Methode von Anspruch 2 und einem der 
vorhergehenden Anspruche, die des weiteren 
den Schritt umfatft, den Zeitpunkt bei der be- 
sagten Registrierung festzustellen, an dem der 50 
besagte induzierte Strom die abgewandte 
Oberflache (47) des untersuchten Behaltermit- 
telwandteils erreicht, wodurch die Dicke des 
besagten Behaltermittelwandteils (15) ange- 
zeigt wird. 55 

9. Die Methode von Anspruch 2 und einem der 
vorhergehenden Anspruche, die die folgenden 



12. Die Methode von Anspruch 10 oder 11, bei 
welcher jedes der besagten empfangenen Si- 
gnale einen Teil hat, bei dem die Abklingge- 
schwindigkeit sich von einer relativ kostanten 
Abklinggeschwindigkeit im log/log-Bereich auf 
eine sich beschleunigende Abklinggeschwin- 
digkeit andert; bei dieser Methode, die als 
weiteren Schritt den Vergleich des Teils mit 
sich beschleunigendem Anklingen des ersten 
empfangenen Signals mit den Teilen mit sich 
beschleunigendem Abklingen der anderen 
empfangenden Signale umfaflt, ist, wenn der 
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Teil mit sich beschleunigendem Abklingen des 
besagten ersten empfangenen Signals schnel- 
ler abklingt als die Teile mit sich beschleuni- 
gendem Abklingen der besagten anderen emp- 
fangenen Signale, die Wanddicke des besag- 
ten untersuchten Behaltermittelwandteils gerin- 
ger als die Wanddicke des besagten anderen 
Behaltermittelwandteils. 

13. Die Methode eines der Anspruche 10 bis 12, 
bei welcher das besagte Sendeantennenmittel 
und das besagte Empfangsantennenmittel (27) 
aus einer koinzidenten Antennenanordnung be- 
stehen (35, 37). 

14. Die Methode von Anspruch 1, bei welcher das 
empfangene Signal uber einen Zeitraum in Ge- 
rausch abklingt, und bei welcher das Abklingen 
des ersten empfangenen Signals wahrend des 
mittleren und spaten Zeitbereichs innerhalb 
des besagten Zeitraums mit dem Abklingen 
eines Bezugssignals verglichen wird, das von 
einem Bezugsbehaltermittel mit bekannter 
Wanddicke erhalten wurde. 

15. Die Methode von Anspruch 14, bei welcher 
das besagte erste empfangene Signal und das 
besagte empfangene Bezugssignal jeweils ei- 
nen Teil haben, bei dem die Abklinggeschwin- 
digkeit sich von einer relativ konstanten Ab- 
klinggeschwindigkeit im log/log Bereich auf 
eine sich beschleunigende Abklinggeschwin- 
digkeit andert; bei dieser Methode, die als 
weiteren Schritt den Vergleich des Teils mit 
sich beschleunigender Abklinggeschwindigkeit 
des ersten empfangenen Signals mit dem Teil 
mit sich beschleunigender Abklinggeschwin- 
digkeit des empfangenen Bezugssignals um- 
faflt, ist, wenn der Teil mit sich beschleunigen- 
der Abklinggeschwindigkeit des ersten emp- 
fangenen Signals schneller abklingt als der Teil 
mit sich beschleunigender Abklinggeschwin- 
digkeit des besagten empfangenen Bezugssi- 
gnals, die Wanddicke des besagten untersuch- 
ten Behaltermittelwandteils geringer als die 
Wanddicke der besagten Bezugsbehaltermit- 
tel wand. 

16. Die Methode von Anspruch 1, bei welcher das 
empfangene Signal uber einen Zeitraum, in 
dem sich ein mittlerer und spater Zeitbereich 
und eine kritische Zeit befindet, in der die 
Abklinggeschwindigkeit des besagten empfan- 
genen Signals sich von einer relativ konstanten 
Abklinggeschwindigkeit im log/log Bereich auf 
eine sich beschleunigende Abklinggeschwin- 
digkeit andert; diese Methode umfafit die Un- 
tersuchung des empfangenen Signals zur Fest- 



stellung der kritischen Zeit, die Feststellung 
eines Proportionalitatsfaktors zwischen der 
Wanddicke des besagten untersuchten Behal- 
termittelwankdteils und der kritischen Zeit 

5 durch Untersuchung der kritischen Zeiten von 

Bezugsabklingungen, wobei die besagten Be- 
zugsabklingungen von einem Bezugsbehalter- 
mittel mit bekannter Wanddicke erhalten wer- 
den, sowie die Feststellung der Dicke des be- 

w sagten untersuchten Behaltermittelwandteils 

durch Anwendung des besagten Proportionali- 
tatsfaktors auf die Quadratwurzel der kritischen 
Zeit. 

75 17. Die Methode eines der Anspruche 10 bis 16, 
bei welcher die besagte Behaltermittelwand 
(15) eine Dammschicht (17) erhalt, wobei die 
besagte Dammschicht sich derart neben der 
besagten Behaltermittelwand (15) befindet, da/3 

20 sie zwischen dem besagten Behaltermittel- 

wandteil und dem besagten Sendeantennen- 
mittel und dem besagten Empfangsantennen- 
mittel (27) liegt; bei dieser Methode induziert 
das besagte Sendeantennenmittel in den un- 

25 tersuchten Behaltermittelwandteil durch die be- 

sagte Dammschicht einen Strom, und das be- 
sagte Empfangsantennenmittel stellt den be- 
sagten induzierten Strom durch die besagte 
Dammschicht fest. 

30 

18. Die Methode von Anspruch 17, bei welcher die 
besagte Dammschicht eine uneinheitliche Dik- 
ke hat und unterschiedliche Abstande zwi- 
schen dem Sendeantennenmittel und dem 

35 Empfangsantennenmittel und der Behaltermit- 

telwand bei dem besagten untersuchten Teil 
sowie zwischen dem Sendeantennenmittel und 
dem Empfangsantennenmittel und der Behal- 
termittelwand bei einem zweiten untersuchten 

40 Teil verursacht, wobei die besagten unter- 

schiedlichen Abstande eine Auswirkung auf 
das Abklingen des in den besagten Behalter- 
mittelwandteil induzierten Stroms haben; diese 
Methode umfaflt als weiteren Schritt die Be- 

45 richtigung des ersten empfangenen Signals im 

Hinblick auf die Auswirkungen der besagten 
unterschiedlichen Abstande, indem das erste 
empfangene Signal zu dem besagten Bezugs- 
abklingen wahrend der mittleren Zeitbereiche 

so der besagten Abklingzeitraume normalisiert 

wird, wobei das besagte Bezugsabklingen er- 
zeugt wird, wahrend das Sendeantennenmittel 
und das Empfangsantennenmittel sich in be- 
kannten Abstanden vom Behaltermittelwandteil 

55 befinden. 

19. Die Methode eines der Anspruche 10 bis 18, 
bei welcher die besagte Behaltermittelwand 
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eine Dammschicht (17) und einen leitenden 
Mantel (19) erhalt, wobei der besagte Mantel 
sich derart neben der besagten Behaltermittel- 
wand (15) befindet, dai3 die besagte Damm- 
schicht zwischen der besagten Behaltermittel- 
wand und dem besagten Mantel liegt und der 
besagte Mantel zwischen der besagten Damm- 
schicht und dem besagten Sendeantennenmit- 
tel und dem besagten Empfangsantennenmittel 
(27) liegt; bei dieser Methode induziert das 
besagte Sendeantennenmittel in den Behalter- 
mittelwandteil durch die besagte Dammschicht 
und den besagten Mantel einen Strom, und 
das besagte Empfangsantennenmittel stellt 
den besagten induzierten Strom durch die be- 
sagte Dammschicht und den besagten Mantel 
fest. 

20. Die Methode von Anspruch 19, bei welcher der 
besagte Mantel in Teilen bereitgestellt wird, 
wobei die besagten Mantelteile Nahtmittel (21) 
zur Verbindung der besagten Mantelteile mit- 
einander haben und die besagten Nahtmittel 
eine Auswirkung auf das Abklingen des in den 
besagten Behaltermitelwandteils induzierten 
Stroms haben; diese Methode umfaflt des wei- 
teren den Schritt, 

das erste empfangene Signal im Hinblick 
auf die Auswirkungen der besagten Nahtmittel 
zu berichtigen, indem das erste empfangene 
Signal zu dem besagten Bezugsabklingen uber 
die mittleren Zeitbereiche der besagten Ab- 
klingzeitraume normalisiert wird, wobei das be- 
sagte Bezugsabklingen erzeugt wird, wahrend 
das Sendeantennenmittel und das Empfangs- 
antennenmittel (27) sich derart im Abstand von 
einem Nahtmittel eines Behaltermittels befin- 
den, dafl das Bezugsabklingen von dem be- 
sagten Nahtmittel nicht beeintrachtigt wird. 

Revendications 

1. Une methode de mesure de I'epaisseur d'une 
paroi d'un recipient (par exemple en vue de 
detector des irregularis telles que la corro- 
sion), ladite paroi (15) etant conductrice de 
I'electricite et ayant une surface proche (45) et 
une surface opposee (47), comportant les eta- 
pes suivantes: le placement d'un objet servant 
d'antenne emettrice et d'un objet servant d'an- 
tenne de reception (27) k proximite de la surfa- 
ce proche de la portion de la paroi du recipient 
faisant I'objet d'un examen de corrosion; la 
creation d'un tourbillon de courant induit transi- 
toire dans ladite portion de la paroi du reci- 
pient au moyen de I'objet servant d'antenne 
emettrice; et caracterisee par: 



70 



a. la reception d'un signal indicatif dudit 
courant induit dans ladite portion de paroi 
du recipient su moyen de I'objet servant 
d'antenne de reception, et 

b. la comparaison de la degradation du si- 
gnal regu au bout d'un certain temps avec 
une degradation de reference indicative 
d'une epaisseur de paroi connue, a partir 
de laquelle il est possible d'inferer I'epais- 
seur de la portion de paroi du recipient. 



2. La methode utilisee dans la declaration 1 par 
laquelle il est cree un enregistrement de la 
degradation d'un signal donne, ledit enregistre- 
75 ment etant compare avec un enregistrement 

de degradation de reference obtenu a partir 
d'un recipient dont I'epaisseur de la paroi est 
connue. 

20 3. La methode utilisSe dans la declaration 1 ou la 
declaration 2, par laquelle ledit objet servant 
d'antenne d'emission et ledit objet servant 
d'antenne de reception (27) sont places de 
fagon a etre adjacents k une couche isolante 

25 (17), elle-meme adjacente a ladite paroi de 

recipient (15), de telle maniere que la couche 
isolante soit interposee entre ladite paroi de 
recipient et ledit objet servant d'antenne emet- 
trice et ledit objet servant d'antenne de recep- 

30 tion. 

4. La methode par laquelle dans toute declaration 
precedente ledit objet servant d'antenne emet- 
trice et ledit objet servant d'antenne de recep- 

35 tion sont places de maniere a etre adjacents a 

une enveloppe conductrice (19) qui est adja- 
cente a ladite paroi du recipient de telle sorte 
que I'enveloppe protectrice est interposee en- 
tre ladite paroi de recipient et ledit objet ser- 

40 vant d'antenne emettrice et ledit objet servant 

d'antenne de reception, ladite enveloppe ayant 
une epaisseur de paroi tres inferieure a I'epais- 
seur de la paroi du recipient, et par laquelle 
cette action peut etre executee de telle fagon 

45 que la dite enveloppe protectrice reste intacte 

sur ledit recipient. 

5. La methode utilisee dans la declaration 2 ou 
une declaration precedente, par laquelle ledit 

50 enregistrement relatif h ladite portion de paroi 

d'un recipient faisant I'objet d'un examen et 
ledit enregistrement de reference ont respecti- 
vement des portions dans lesquelles le taux de 
degradation change dans le domaine log/log, 

55 etant au depart un taux de degradation relati- 

vement constant, pour devenir un taux de de- 
gradation accei£r£ et par laquelle la methode 
comporte une etape d'interpretation dudit enre- 
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gistrement pour une indication de I'epaisseur 
de ladite portion de paroi de recipient faisant 
I'objet d'un examen, en comparant la portion 
de degradation acceleree dudit enregistrement 
a la portion de degradation acceleree dudit 5 
enregistrement de reference, et par laquelle si 
la portion dudit enregistrement faisant ressortir 
un taux de degradation accelere se degrade 
plus rapidement que ledit enregistrement de 
reference, il s'ensuit que I'epaisseur de paroi w 
de ladite portion de paroi de recipient faisant 
I'objet d'un examen est moindre que I'epais- 
seur de paroi correspondant au dit enregistre- 
ment de reference. 

75 

6. La methode dans laquelle, dans la declaration 
5, ladite enveloppe est fournie en portions et 
lesdites portions d'enveloppe sont munies de 
moyens de jonction (21) afin de joindre en- 
semble lesdites portions d'enveloppe, lesquels 20 
moyens de jonction ont un effet sur la degra- 
dation dudit signal regu, et la methode com- 
prend en outre I'etape de correction de I'enre- 
gistrement de la degradation dudit signal regu 

afin de tenir compte de I'effet desdits moyens 25 
de jonction en normalisant ledit enregistrement 
par rapport a I'enregistrement de reference sur 
les portions de ces enregistrements ou ces 
enregistrements sont generalement paralleles, 
ledit enregistrement de reference etant cree 30 
comme un enregistrement de la degradation 
d'un signal regu indicatif d'un courant induit 
cree de la meme fagon dans une portion de 
paroi d'un recipient substantiellement similaire 
situee a une certaine distance de moyens de 35 
jonction, de telle fagon que ledit enregistre- 
ment de reference ne soit pas affecte par les 
moyens de jonction. 

7. La methode, dans la declaration 4, par laquelle 40 
la couche isolante (17) a une epaisseur non 
uniforme, causant des variations entre la dis- 
tance de I'objet servant d'antenne d'emission 

et de I'objet servant d'antenne de reception a 
ladite paroi de recipient (15) a I'emplacement 45 
de la portion faisant I'objet d'un examen et la 
distance de I'objet servant d'antenne d'emis- 
sion et de I'objet servant d'antenne de recep- 
tion a ladite paroi de recipient (15) a I'empla- 
cement d'une deuxieme portion faisant I'objet 50 
d'un examen, ces variations de distance ayant 
un effet sur la degradation dudit signal regu, et 
comportant en outre I'etape de correction de 
I'enregistrement de la degradation dudit signal 
regu, pour tenir compte des effets de ces 55 
variations de distance en normalisant lesdits 
enregistrements par rapport aux dits enregis- 
trements de reference sur les portions de ces 



enregistrements ou ces enregistrements sont 
generalement paralleles, lesdits enregistre- 
ments Stant crees au moyen dudit objet ser- 
vant d'antenne d'emission et dudit objet ser- 
vant d'antenne de reception places a des dis- 
tances connues de ladite portion de paroi 
conductrice. 

8. La methode de la declaration 2 et de toute 
autre declaration precedente comprenant en 
outre I'etape de determination dans ledit enre- 
gistrement du temps pris par ledit courant in- 
duit pour atteindre la surface opposee (47) de 
la portion de paroi du recipient faisant I'objet 
d'un examen, lequel temps indique I'epaisseur 
de ladite portion de paroi du recipient (15). 

9. La methode de la declaration 2 et de toute 
declaration precedente comportant en outre les 
etapes suivantes: 

a. laisser les objets servant d'antennes 
d'emission et de reception (27) au meme 
emplacement et creer une pluralite d'enre- 
gistrements de la degradation du signal 
regu, indicatifs de courants induits crees de 
la m§me fagon a cet emplacement des 
objets servant d'antennes. 

b. le traltement de ladite pluralite d'enregis- 
trements de maniere a augmenter le rapport 
signal/bruit a I'emplacement des objets ser- 
vant d'antennes d'emission et de reception. 

10. La methode de la declaration 1 dans laquelle 
le signal regu se degrade en bruit au bout d'un 
certain temps et par laquelle la degradation du 
signal regu durant les periodes intermediaires 
et tardives dans le cadre dudit temps est com- 
paree a une degradation de reference d'un 
deuxieme signal regu obtenu sur une autre 
portion de paroi de recipient d'epaisseur 
connue et par laquelle la premiere degradation 
du signal regu de ladite portion de paroi de 
recipient (15) donne une indication de I'epais- 
seur de la portion de paroi du recipient faisant 
I'objet d'un examen. 

11. La methode de la reclamation 1 dans laquelle 
le signal regu se degrade en bruit au bout d'un 
certain temps et par laquelle la degradation 
dudit signal durant les periodes intermediaires 
et tardives dans le cadre de ce temps est 
comparee aux degradations correspondantes 
des signaux regus indicatifs de courants in- 
duits crees de la meme fagon dans d'autres 
portions de paroi du recipient, et par laquelle 
la degradation du premier signal est comparee 
a la degradation desdits autres signaux regus 
et ou la degradation du premier signal regu 
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donne une indication de I'epaisseur de la por- 
tion de paroi du recipient faisant I'objet d'un 
examen par rapport aux autres portions de 
paroi du recipient. 

12. La methode des declarations 10 et 11 dans 
laquelle chacun desdits signaux regus compor- 
te une portion dans laquelle le taux de degra- 
dation change, passant d'un taux relativement 
constant dans le domaine log/log k un taux de 
degradation accelere et comportant I'etape qui 
consiste & comparer la portion de taux de 
degradation accelere du premier signal regu a 
la portion de taux de degradation accelere des 
autres signaux regus et dans laquelle, si les 
portions de degradation acceleree du premier 
signal regu indiquent une degradation plus ra- 
pide que les portions de degradation acceleree 
des autres signaux regus, il s'ensuit que 
I'epaisseur de la portion de paroi du recipient 
faisant I'objet d'un examen est moindre que 
I'epaisseur de ladite autre portion de paroi du 
recipient. 

13. La methode de n'importe laquelle des declara- 
tions 10 a 12 par laquelle ledit objet servant 
d'antenne d'emission et ledit objet servant 
d'antenne de reception (27) font I'objet d'une 
disposition ayant pour but la coVncidence des 
antennes (35, 37). 

14. La methode de la declaration 1 par laquelle le 
premier signal regu se degrade en bruit au 
bout d'un certain temps et par laquelle la de- 
gradation du premier signal regu durant les 
periodes intermediates et tardives dans le ca- 
dre de ce temps est comparee a la degrada- 
tion d'un signal de reference obtenu a partir 
d'une portion de paroi de recipient ayant une 
epaisseur connue. 

15. La methode de la declaration 14, par laquelle 
chacun des premiers signaux regus et des 
signaux de reference regus comporte une por- 
tion dans laquelle le taux de degradation chan- 
ge, passant d'un taux de degradation relative- 
ment constant dans le domaine log/log a un 
taux de degradation accelere, la methode com- 
portant en outre une etape de comparaison de 
la portion k taux de degradation accelere dudit 
premier signal regu et de la portion a taux de 
degradation accelere du signal de reference 
regu, au cours de laquelle, si la portion a taux 
de degradation accelere dudit premier signal 
regu se degrade plus rapidement que la por- 
tion & taux de degradation accelere dudit si- 
gnal de reference il s'ensuit que I'epaisseur de 
paroi de ladite portion de paroi du recipient est 



moindre que I'epaisseur de paroi de ladite 
portion de paroi du recipient de reference. 

16. La methode de la declaration 1, par laquelle le 

5 signal regu se degrade en bruit au bout d'un 

certain temps, durant lequel il y a des periodes 
intermediaires et tardives, ainsi qu'un moment 
critique auquel le taux de degradation change 
pour passer d'un taux de degradation relative- 

10 ment constant a un taux de degradation acce- 

lere, la methode comportant I'examen du si- 
gnal regu afin de determiner le temps critique, 
la determination d'un facteur de proportionnali- 
te entre I'epaisseur de paroi de la portion de 

15 paroi de recipient faisant I'objet d'un examen 

et le temps critique en examinant le temps 
critique de degradations de reference, les dites 
degradations de reference etant obtenues a 
partir d'un recipient de reference dont I'epais- 

20 seur des parois est connue, et la determination 

de I'epaisseur de ladite portion de paroi de 
recipient en appliquant ledit facteur de propor- 
tionnalite a la racine carree du temps critique. 

25 17. La methode de Tune quelconque des declara- 
tions 10 a 16 par laquelle ladite paroi de 
recipient est garnie d'une couche isolante (17), 
ladite couche isolante etant adjacente a ladite 
paroi de recipient (15) de maniere a etre inter- 

30 posee entre la dite portion de paroi du reci- 

pient et ledit objet servant d'antenne emettrice 
et ledit objet servant d'antenne de reception 
(27), et par laquelle ledit objet servant d'anten- 
ne emettrice produit un courant induit dans la 

35 portion de paroi de recipient faisant I'objet d'un 

examen a travers ladite couche isolante et ledit 
objet servant d'antenne de reception detecte 
ledit courant induit a travers ladite couche iso- 
lante. 

40 

18. La methode de la declaration 17 par laquelle 
ladite couche isolante a une epaisseur non 
uniforme causant des variations entre les dis- 
tances de I'objet servant d'antenne emettrice 

45 et de I'objet servant d'antenne de reception a 

la paroi de recipient a I'emplacement de ladite 
portion faisant I'objet d'un examen et de I'objet 
servant d'antenne emettrice et de I'objet ser- 
vant d'antenne de reception & la paroi de reci- 

50 pient a I'emplacement d'une deuxieme portion 

faisant I'objet d'un examen, lesdites variations 
de distance ayant un effet sur la degradation 
dudit courant induit dans ladite portion de paroi 
de recipient, et comprenant en outre retape de 

55 correction du signal regu en premier a regard 

des effets desdites variations de distance, la- 
quelle correction est effectuee en normalisant 
le premier signal regu par rapport a la degra- 
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dation de reference sur les periodes interme- 
diates de ladite periode de degradation, ladite 
degradation de reference etant creee au 
moyen de I'objet servant d'antenne emettrice 
et de I'objet servant d'antenne de reception 5 
places h des distances connues de la portion 
de paroi de recipient. 

19. La methode de Tune des declarations 10 a 18 

par laquelle lesdites parois de recipient sont 10 
garnies d'une couche isolante (17) et d'une 
enveloppe conductrice (19), ladite couche iso- 
lante et ladite enveloppe etant adjacentes a 
ladite paroi de recipient (15) de telle fagon que 
ladite couche isolante est interposee entre ladi- 75 
te paroi de recipient et ladite enveloppe et que 
ladite enveloppe est interposee entre ladite 
couche isolante et ledit objet servant d'antenne 
emettrice objet servant d'antenne de reception 
(27), et ou ledit objet servant d'antenne emet- 20 
trice produit un courant induit dans la portion 
de paroi de recipient a travers ladite couche 
isolante et ladite enveloppe, et I'objet servant 
d'antenne de reception detecte ledit courant 
induit a travers ladite couche isolante et ladite 25 
enveloppe. 

20. La methode de la declaration 20 par laquelle 
ladite enveloppe est fournie en portions, lesdi- 
tes portions etant munies de moyens de jointu- 30 
re (21) afin de joindre lesdites portions d'enve- 
loppe ensemble, lesquels moyens de jointure 

ont un effet sur la degradation dudit courant 
induit dans lesdites portions de parois de reci- 
pient, et laquelle methode comporte en outre 35 
I'etape de 

correction du premier signal regu relative- 
ment aux effets desdits moyens de jointure en 
normalisant le premier signal regu par rapport 
& ladite degradation de reference sur les perio- 40 
des intermediates dudit temps de degradation, 
ladite degradation de reference etant creee au 
moyen de I'objet servant d'antenne emettrice 
et de I'objet servant d'antenne de reception 
(27) places a une certaine distance d'un 45 
moyen de jointure sur un recipient de telle 
sorte que la degradation de reference ne soit 
pas affectee par lesdits moyens de jointure. 



50 



55 



16 



EP 0 321 112 B1 




17 



EP 0 321 112 B1 




EP 0 321 112 B1 



I00 




5 10 15 20 

DISTANCE FROM CENTER (inches) 

Fig. 6 



25 



IO J e 



10 r 



x 10' 
< 

> 

=3 10 



•10 ^ 



5 1 1 1 1 1 — I — 1 


— r- 

r 


1 1 — i — i — i — i i i 

ANTENNA AWAY FROM 
JACKET FLANGES 




1 1 llllli 

/ 




/-ANTENNA AT SMALL 
\ DISTANCE 




7 

HUM LJ 


J /'ANTENNA AT GREATER 
Sj/J DISTANCE 




= ANTENNA NEAR J 
: JACKET FLANGES 




l II mil 


— TTTTTTT 


















= 1 1_ i 1 L I l J 


1 11 --L 1 I t 1 


l 

imii i i 



IO l 



10' 

TIME (ms) 



10' 



Fig. 7 



19 



EP 0 321 112 B1 



PIPE CORROSION MAP 




0 90 I80 270 360 



ANGLE (degrees) 
Fig. 8a 



PIPE WITHOUT JACKET 
no i 




ANGLE (degrees) 
Fig. 8b 



20 



EP 0 321 112 B1 



PIPE WITH JACKET 



1 10 




I20 I60 200 240 

ANGLE (degrees) 



280 320 360 



Fig. Sc 

t< 32ms 7 

PRUDHOE TEST PIPE WITH JACKET: D=44 / 



ms 




40 80 I20 I60 200 240 280 320 360 



ANGLE (degrees) 
Fig. 8d 



21 



